Superior mesenteric artery syndrome (SMAS) has been proposed as a rare cause of proximal bowel obstruction resulting from compression of the third portion of the duodenum secondary to narrowing of the space between the aorta and superior mesenteric artery. The main risk factors associated with SMAS are significant weight loss, corrective spinal surgery and congenital or acquired anatomic abnormalities. Its association with acute pancreatitis has been reported in very few cases. We present a critical review of this topic, with the report of a patient allegedly diagnosed of SMAS and acute pancreatitis.
CASE REPORT
A 28-year-old Caucasian woman, with a medical history of cerebral palsy, spastic quadriplegia and seizures treated with phenobarbital, was admitted to the emergency department with a 24 hour history of abdominal distension, bilious vomiting and fever of 38 °C. On admission, the patient's vital signs were stable. Physical examination revealed a cachectic young woman (BMI: 18 kg/m 2 ), with a soft, non-tender but distended abdomen, predominantly in the epigastrium.
Under the suspicion of proximal bowel obstruction, a nasogastric tube was inserted, with abundant bilious fluid output, and additional tests were performed: Abdominal X-ray showed dilatation of the stomach without air-fluid levels; laboratory data showed hemoglobin 18 g/dL with MCV 88 fL, white cell count 17,200 with neutrophilia 87 %, amylase 500 U/L (normal < 53 U/L), lipase 628 U/L (normal < 67 U/L), trypsin 6,990 μg/L (normal < 440 μg/L), and amylasuria 480 U/L (normal < 350 U/L); indicators of renal and liver function and electrolytes were normal. Abdominal X-ray after gastografin administration revealed a grossly dilated stomach and duodenum with late passage of contrast to the small intestine.
In view of these findings suggestive of partial bowel obstruction at duodenal level, a CT scan performed showed gastric and duodenal distension to the aortomesenteric angle, with a reduced distance between the aorta and SMA (Fig. 1) . Glandular necrosis of the head and tail of the pancreas with fat infiltration and free fluid in both paracolic gutters consistent with Balthazar grade D was also observed. The intra-and extra-hepatic biliary tract was normal (Fig. 2) .
During admission, the patient was maintained on total parenteral nutrition, and a continuous nasogastric aspiration tube was inserted which yielded a high debit (around 2,000 mL/day) of bilious liquid. Blood cultures were negative and the fever self-limited. Serial determinations of amylasuria oscillated between 1,000 and 4,500 U/L for around 10 days and the condition resolved gradually after 3 weeks.
An abdominal CT scan performed prior to discharge showed resolution of the pancreatitis and dilatation of the stomach and duodenum. To rule out other possible causes of pancreatitis, abdominal US was performed, which was normal, and serology for some viruses (CMV, EBV, herpes virus, measles, rubella and varicella zoster) which were all normal. The patient was discharged and was followed for 1 year with favourable outcome.
DISCUSSION
The superior mesenteric artery syndrome (SMAS) was first described by Von Rokitansky in 1861 as an obstruction of the third portion of the duodenum between the superior mesenteric artery (SMA) and the aorta. In 1921, Wilkie published the first series of 75 cases of high intestinal obstruction due to narrowing of the angle between the SMA and aorta (1) . Since then, only isolated cases or small series have been published; thus, the exact prevalence of this syndrome remains unknown. A review of 1,280 barium studies showed only 10 (0.78 %) to be suggestive of SMAS (2) .
In normal conditions, the SMA and aorta form a 45-60° angle, which permits the normal passage of the third part of the duodenum. This angle remains open due to the presence of retroperitoneal fat (3, 4) . When this retroperitoneal fat is reduced, mainly secondary to clinical conditions that generate severe weight loss, compression of the duodenum could result. It has been proposed that an angle below 15 to 20° usually marks the beginning of the obstructive symptoms, which may be acute or chronic (4) .
Multiple risk factors associated with SMAS have been reported: Severe weight loss (consumptive syndromes, polytrauma, large extensive burns, anorexia nervosa), diseases of the spine, including orthopaedic correction surgeries and use of corrective corsets ("cast syndrome") and congenital (short Treitz ligament) or acquired (after surgical correction of aneurysms) anatomical abnormalities (5). The BMI of our patient was 18 kg/m 2 ; she presented a deformity of the thoracolumbar spine with marked kyphosis associated with cerebral palsy and spastic quadriplegia.
However, the diagnosis of superior mesenteric artery syndrome must be viewed with caution. The differential diagnosis must be made with motility disorders, particularly of myopathic type of which a megaduodenum could be the only symptom. The most common diseases related to this kind of motility disorder are collagen diseases, especially systemic sclerosis and usually family-type chronic intestinal pseudo-obstruction. Clinical manifestations may range from trivial or dyspeptic symptoms to severe occlusive syndrome and are indistinguishable from those attributed to SMAS. Moreover, disorders considered risk factors for SMAS are known causes of secondary motility disorders (anorexia nervosa, orthopaedic surgery, etc.). In these cases, small bowel motility must be studied to differentiate these two entities (6,7). In our case, given the resolution of the symptoms and the patient's general status, intestinal manometry was not performed.
The association of SMAS and acute pancreatitis is rare. Very few cases have been reported (8) (9) (10) (11) (12) in the MED-LINE database; of these only in one, owing to the clinical outcome, was SAMS suggested as a possible aetiology of pancreatitis (9) . This was the case of a 16-year-old man with cerebral palsy and multiple episodes of mild pancreatitis initially attributed to "biliary sludge", however after image review, SMAS was suspected and the patient improved progressively, first after an initial weight gain of 4 kg with enteral and parenteral nutrition and, 3 years later, after surgical correction (9) . Although the other cases had in common that patients had one or more risk factors for SMAS, the cause of pancreatitis was not established and in all of them, as in our case, abdominal US was performed, and even ERCP in some cases to rule out the main causes of pancreatitis. On occasions, the diagnosis of pancreatitis was doubtful since it was based solely on raised amylase levels, a relatively non-specific finding, which may also occur in duodenal occlusion (13) . The mechanism of SMAS pancreatitis is poorly understood; the secondary occlusive postpapillary syndrome due to SMAS may produce a retrograde reflux of bile into the pancreatic duct, which would activate the inflammatory phenomena responsible for pancreatitis. Moreover, pancreatitis could also cause partial paralytic ileus or peripancreatic edema that could produce conflict in the aorto mesenteric space with involvement of the distal duodenum.
In conclusion, the relationship between narrowing of the angle between the SMA and aorta, dilatation of the proximal gastrointestinal tract and acute pancreatitis may have different interpretations, and conservative treatment such as gastroduodenal decompression, correction of electrolyte abnormalities and adequate nutritional support is recommended. Most patients recover satisfactorily, with surgical correction being required only in some cases (14, 15) .
